Introduction {#Sec1}
============

The Rating of Perceived Exertion (RPE) is a subjective scale used to prescribe the intensity and volume of exercise and measure the level of fatigue after an acute bout of exercise \[[@CR3], [@CR27]\]. Several studies have demonstrated a high correlation between the RPE and physiological parameters such as Heart Rate (HR), lactate, and VO~2max~ \[[@CR10], [@CR12], [@CR15]\]. In addition, RPE presents psychobiological aspects, including mood state and cognitive and physiological parameters on a single scale \[[@CR29]\].

Despite the importance of RPE in normoxic conditions, little is known about the behavior of this scale in hypoxic conditions or high altitudes. Indeed, exposure to hypoxia can worsen cognitive functions \[[@CR26]\], affecting mood state variables such as tension, vigor, fatigue, and mental confusion \[[@CR30], [@CR31]\] limiting the ability to make decisions \[[@CR26], [@CR36], [@CR37]\]. These results suggest worsening of the self-reported perception of effort. One of the few studies that evaluated the effects of hypoxia on the RPE showed that individuals who presented a higher number of symptoms of acute mountain sickness also reported higher levels of perceived exertion \[[@CR20]\]. In addition, Souza et al. \[[@CR30], [@CR31]\] demonstrated that moderate exercises performed in hypoxic environments for 45 min increase the systolic pressure of young males, as well as modifying the mood state and increasing anxiety \[[@CR30], [@CR31]\].

In normoxic environments, different nutritional strategies are commonly used, before, during, and after performing physical exercises, with the ability to induce psycho-physiological modulations, Close et al. \[[@CR8]\]. For some time, carbohydrates have received attention in sports nutrition due to their role in performance and adaptability to training, as they provide essential fuel for the brain and central nervous system. Carbohydrates are versatile substrates for muscle work, aiding muscle to withstand exercises in a wide range of intensities due to their use by the anaerobic and oxidative pathways \[[@CR34]\].

Specifically regarding RPE, Backhouse et al. \[[@CR5]\] demonstrated that carbohydrates could influence RPE in normoxia. However, the influence of carbohydrates in hypoxia environments on RPE and cognition functions is unclear. Golja et al. \[[@CR14]\] demonstrate that carbohydrate supplementation in hypoxia causes higher ventilation and oxygen saturation in healthy young males, this being a possible mechanism for the influence of carbohydrates on a lower RPE during physical exercise. Moreover, the importance of carbohydrates during exercise in moderate hypoxia environments is higher in hypoxia than normoxia conditions due to higher endogenous carbohydrate oxidation in this condition \[[@CR21]\].

Nevertheless, little is known about the influence of carbohydrates on RPE in hypoxic environments. Thus, we propose to evaluate the effects of carbohydrate supplementation on RPE during exercise in hypoxia, simulating an altitude of 4200 m. We hypothesized that carbohydrate supplementation would attenuate increased RPE during exercise.

Material and methods {#Sec2}
====================

The present study included eight male volunteers, healthy and physically active. The sample characterization is presented in Table [1](#Tab1){ref-type="table"}. The participation of all volunteers was approved by a doctor after a clinical examination, resting electrocardiogram, and stress test. All volunteers signed the consent form. Table 1Physiological characteristic from voluntariesAge (years)24 ± 320--29Weight (kg)71.21 ± 12.7754.00--89.80Height (cm)173.86 ± 4.56167--180BMI23.59 ± 3.7517.63--27.70VO~2peak~ absolute (l/ml)3.27 ± 0.402.95--4.05VO~2peak~ relative (mg/kg/min)46.39 ± 5.6238.13--54.00Velocity maximal (km/h)16.00 ± 1.2615--18Time (min)13.37 ± 1.4111.40--15.00*n* = 8 voluntaries

Experimental design {#Sec3}
-------------------

This is a cross-over study, in which the volunteers visited the laboratory three times. On the first visit, the volunteers carried out the resting and effort electrocardiogram and, simultaneously, the cardiopulmonary exercise test for peak oxygen uptake (VO~2peak~) determination. On the two subsequent visits, the volunteers performed: (I) exercise in hypoxia and placebo supplementation and (II) exercise in hypoxia and carbohydrate supplementation. All procedures were double-blind and randomized with respect to supplementation. There was a 7-day interval between each visit \[[@CR9]\].

Physiological parameters {#Sec4}
------------------------

VO~2peak~ was determined in normoxia using an incremental exercise test on a treadmill (LifeFitness® - 9700HR). The initial velocity was set at 6.0 km/ h, increased by 1.0 km/h per minute until voluntary exhaustion. Respiratory and metabolic variables were obtained breath by breath using a metabolic system (Cosmed PFT4, Rome, Italy). A 1% slope on the treadmill was maintained throughout the test.

The volunteers performed 60 min of acute exercise at 50% VO~2peak~, and a 1% slope on the treadmill in the hypoxia condition simulated to 4200 m. All the physical exercise sessions were performed after fasting for 3 hours, to avoid possible dietary influences, and began at 02:00 pm. The pre-test meal was not controlled, but it was suggested that volunteers eat a light meal, and water intake in the hours preceding the test was ad libitum. The volunteers were advised not to perform strenuous exercises in the 24 h preceding the exercise.

Carbohydrate supplementation {#Sec5}
----------------------------

Volunteers received a 200 ml solution of carbohydrate - CHO (maltodextrina strawberry-flavored) at 6% (w/v), at 20, 40, and 60-min during exercise with 228 kcal, or a placebo 0 kcal (strawberry-flavored Crystal Light® - Kraft Foods, Northfield, IL -- USA). The groups received the same volume of placebo or carbohydrate in a double-blind manner.

Hypoxic environment {#Sec6}
-------------------

The study was performed in a chamber (normobaric chamber; Colorado Altitude Training/12 CAT-Air Unit) for altitude simulations of up to 4200 m, which is equivalent to a barometric pressure of 433 mmHg and fraction of inspired oxygen (FiO2) of 13.5% O~2~. This equipment has two air units allocated on the outside, which allow gas exchange (nitrogen increase and O~2~ reduction). A display inside the chamber shows the simulated altitude in real-time, measured by a module that contains an O~2~ cell sensitive to O~2~ variations.

Rating of perceived exertion determination {#Sec7}
------------------------------------------

The RPE scale was used as a measure of perceived exertion during exercise. The scale ranges from 6 to 20, with anchors ranging from "very, very light" to "very, very hard" \[[@CR7]\]. Heart rate (HR) was measured using the Frequency meter (Polar®, Advantage Model NV, Kempele, Finland), and Hemoglobin O~2~ saturation (SaO~2~%) was measured by a finger oximeter (FingerPulse® model MD300C202, Minnesota - USA). SaO~2~% was assessed at baseline and after exercise, while RPE and HR were measured each 10 min during the trial.

Statistical analysis {#Sec8}
--------------------

Results of SaO~2~%, HR, RPE, and the HR/RPE ratio are expressed as mean standard ± deviation, and statistical analyses were performed by two-way repeated-measures ANOVA, after the Shapiro-Wilk normality test, followed by the Tukey post hoc test, at *p* \< 0.05. The Area Under the Curve (AUC) was calculated using the trapezoidal rule to quantify the overall response of RPE and HR/RPE to exercise in the two different conditions studied. Statistical analyses were performed using UNIANOVA.

Results {#Sec9}
=======

There was decrease in SaO~2~% after exercise in hypoxia (92.37 ± 3.50, F(1,6) = 3,79; *p* = 0.05) and hypoxia + CHO (89.25 ± 5.94, F(1,6) = 9,48; *p* = 0.03) in relation to rest in both groups (97.00 ± 0.92 / 96.00 ± 2.32), as shown in Fig. [1](#Fig1){ref-type="fig"}. In relation to HR there were increases at all moments during exercise in comparison to baseline, similarly in hypoxia F(1,6) = 16.64; *p* = 0.001 and hypoxia + CHO F(1,6) = 18.27; p = 0.001 as demonstrated in Fig. [2](#Fig2){ref-type="fig"}.1(b). The results of RPE are demonstrated in Fig. [2](#Fig2){ref-type="fig"}.2 (b). In hypoxia there was an increase at 20 min (12.37 ± 1.30 F(1,6) = 3.59; *p* = 0.041) in relation to 10 min (10.5 ± 1.30). In hypoxia + CHO supplementation we did not observe any increase at 20 (10.75 ± 1.75), 30 (11.50 ± 2.07), 40 (11.87 ± 2.35), 50 (12.87 ± 4.54), and 60 (11.87 ± 1.95) minutes in relation to 10 (9.62 ± 1.59) minutes F(1,6) = 2,03; p = 0,15). The HR/RPE ratio is shown in Fig. [2](#Fig2){ref-type="fig"}.3 (b). No differences were observed between the groups. However, in hypoxia + CHO there was a decrease at 20 min (13.56 ± 1.76) compared to 30 min (12.41 ± 1.46) F(1,6) = 5,51; *p* = 0.01. The AUC of HR did not differ between groups (0.58 ± 0.05 / 0.55 ± 0.04 F(1,5) = 1.69; *p* = 0.20), as shown in Fig. [2](#Fig2){ref-type="fig"}.1 (a). The AUC of RPE was lower in hypoxia + CHO (0.47 ± 0.05) compared to hypoxia (0.62 ± 0.07) F(1,4) = 11.66; *p* = 0.007, Fig. [2](#Fig2){ref-type="fig"}.2 (a). The AUC of HR/RPE in hypoxia + CHO (0.52 ± 0.02) was significantly higher than in the hypoxia condition (0.47 ± 0.02) F(1,4) = 5.09; *p* = 0.04, Fig. [2](#Fig2){ref-type="fig"}.3 (b). Fig. 1Hemoglobin Saturation. SaO~2~% in hypoxia and hypoxia + CHO conditions for *n* = 8 volunteers. The results represent the mean ± SD. (**a**) Different from Rest (**b**) different from Post in Hypoxia and Hypoxia + CHO group Fig. 2HR and RPE. AUC -- HR, RPE and HR/RPE in hypoxia and hypoxia + CHO conditions for n = 8 volunteers. 1(**a**) represents the AUC of Heart Rate, and 1(**b**) the Heart Rate during the different minutes. 2(**a**) represents the AUC of Rating Perception of Exertion, and 2(**b**) the Rating Perception of Exertion during the different minutes. 3(**a**) represents the AUC of the ratio of Heart Rate/Rating Perception Exertion, and 3(**b**) corresponds to the ratio of Heart Rate/Rating Perception Exertion during the different minutes. The results represent the mean ± SD. \* different from Hypoxia, (**a**) different from Rest; (**b**) different from 10 min at Hypoxia Group; (**c**) different from 20 min in Hypoxia + CHO group

Discussion {#Sec10}
==========

The RPE represents psychobiological and physiological signs and symptoms on a single scale to evaluate the intensity and feeling of fatigue during exercise. However, little is known about this scale in hypoxia. Thus, the aim of the study was to evaluate the effects of carbohydrate supplementation on RPE during exercise in hypoxia, simulating an altitude of 4200 m. Our results indicate that there was no difference in the RPE during the different times analyzed after 60 min of exercise at moderate intensity in hypoxia. However, carbohydrate supplementation decreased total RPE during exercise in hypoxia, as indicated by a decrease in AUC of RPE and by the AUC of the HR/RPE ratio. The Area Under the Curve is a mathematical formula used to incorporate several time points to detect associations between repeated measures \[[@CR25]\]. An extensive review of AUC by Tilaki \[[@CR35]\] demonstrated that the analyses of AUC is of great importance for diagnostics, even being used in clinical epidemiology for the diagnosis of biomarkers and classification of disease. Different studies have used this statistical methodology to perform a global analysis of the results rather than just punctual analysis, as verified in the studies of \[[@CR1], [@CR28], [@CR32]\].

It is known that during hypoxia exposure, muscle carbohydrate metabolism changes, and there is higher carbohydrate oxidation compared to the normoxia condition. The energy supply via the glycolytic system is enhanced during endurance exercise in hypoxia, lactate and hydrogen ions (H+) are produced by the working muscle via the augmented energy supply from the glycolytic system and subsequently released into the blood circulation by Na+/H+ exchanger isoform 1 and monocarboxylate transporters, which elicits metabolic acidosis (lower muscle pH) \[[@CR33]\]. However, exogenous glucose uptake is compromised under hypoxic conditions, demonstrating the severity of exposure to high altitude. In a recent work, O\'Hara et al. \[[@CR23]\] compared the co-ingestion of glucose and fructose on exogenous and endogenous substrate oxidation during prolonged exercise at high altitude (HA) versus sea level, in women, and the results showed that the rates of exogenous carbohydrate oxidation were significantly lower at HA.

In the present study, we evaluated the SaO~2~% in hemoglobin, as demonstrated in Fig. [1](#Fig1){ref-type="fig"} (a). We observed a significant decrease after exercise in both the hypoxia and hypoxia + CHO conditions, confirming previous studies \[[@CR6], [@CR22]\]. A decrease in O~2~ saturation is one of the first consequences of hypoxia, occurring within a few minutes of exposure \[[@CR19]\]. Thus, the reduction in SaO~2~% after exercise found in hypoxia confirms the efficiency of the model studied to induce hypoxia and indicates that 4200 m, even for 60 min, is capable of reducing the O~2~ supply to several tissues.

This result could have a significant impact on the RPE since the supply of O~2~ is essential for the preservation of cognitive function and mood. Li et al. \[[@CR18]\] showed that mood, including stress, fatigue, and force progressively worsen proportionally to increases in hypoxia. Furthermore, studies have shown that hypoxia can worsen cognitive functions, including memory, learning, attention, and decision making \[[@CR13], [@CR16], [@CR24], [@CR36]\].

In the current study, there was an increase in RPE at the 20th min of exercise compared to the 10th minute only in the hypoxia group. In addition, the AUC of RPE was significantly lower when the volunteers were supplemented with carbohydrates. Backhouse et al. \[[@CR5]\] demonstrated a reduction in self-reported perception of volitional fatigue in exercise lasting 90 min in normoxia. Furthermore, Fulco et al. \[[@CR11]\] did not find a difference in the RPE during exercise in hypoxia, similar to 4300 m after several days of energy deficit, unlike our study. Moreover, RPE increases when there is a decrease in blood glucose, since glucose is the primary fuel for the brain \[[@CR4]\].

RPE is influenced by the intensity and volume of exercise and presents high correlations with various physiological measures, including HR \[[@CR10], [@CR15]\]. Despite the increase in HR from the 10th min of exercise, there was no difference between the two conditions studied. Fulco et al. \[[@CR11]\] found a higher HR after carbohydrate supplementation during exercise in hypoxia as opposed to our results. However, those authors used a different protocol and time of exposure. On the other hand, Ando et al. \[[@CR2]\] and Kubota et al. \[[@CR17]\] demonstrated differences in HR in a single bout of exercise performed in a hypoxia condition compared to normoxia.

The AUC of RPE demonstrated that carbohydrate supplementation was effective for reducing the effects of simulated hypoxic environments. The explanation is related to a possible increase in ventilation, as demonstrated in the study of Golja et al. \[[@CR14]\] and the increase in nutrients due to supplementation during the exercise, decreasing the fatigue generated by physical exercise Backhouse et al. \[[@CR5]\].

The HR/RPE ratio may be an index that represents the relationship between a physiological and psychological marker for recording the intensity of the exercise, and the level of fatigue \[[@CR29]\]. A reducing HR/RPE suggests an increased feeling of fatigue despite the intensity of the exercise. However, the effect of exercise in hypoxia on the HR/RPE ratio is unknown. In our study, there was no difference in the HR/RPE ratio at the different times analyzed during 60 min of exercise in hypoxia.

On the other hand, the HR/RPE was higher at 20 min in those supplemented with carbohydrate, but not significantly compared to hypoxia. Subsequently, after 30 min, the HR/RPE decreased, indicating that supplementation was efficient for partially preventing the first feelings of fatigue during exercise in hypoxia. Our results are confirmed by the AUC, demonstrating the global decline caused by exercise in hypoxia and recovery due to carbohydrate supplementation. This information on the response to carbohydrate supplementation during exercise can help sports nutritionists target better dietary strategies for athletes under hypoxic conditions.

Conclusion {#Sec11}
==========

In conclusion, our results indicate that carbohydrate supplementation does not change RPE at the different times analyzed during 60 min of exercise at 50% VO~2peak~ in hypoxia equivalent to 4200 m. However, even during 60 min of acute hypoxia, the carbohydrate supplementation significantly decreased the Area Under the Curve (AUC)-60 min during exercise in hypoxia of RPE and improved the HR/RPE ratio, demonstrating the importance of carbohydrates to attenuate the impacts of hypoxic environments.
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